Introduction
Cardiovascular diseases are the leading cause of premature death worldwide, occlusion of blood vessels being a major problem [1] . Autologous grafts from patients' own veins or arteries can provide a solution when angioplasty or stenting are not feasible, but not when treatment is impeded by previous surgery or antecedent vascular disease. In such circumstances, synthetic vascular grafts constitute the only option [2] . Current commercial grafts are made from synthetic polymers, expanded poly(tetrafluoroethylene) (ePTFE) or Dacron ® [woven poly(ethylene terephthalate), PET], but they are used clinically only as large-diameter vessels, > 6 mm [2] since their patency rate is poor as smaller-diameter vessels. This is mainly due to inadequate endothelialization and to mechanical compliance mismatch, which lead to occlusion on account of thrombosis and intimal hyperplasia [3] . Therefore, synthetic scaffolds are required that simulate the mechanical and 3D
nano-fibrous morphological properties of the extracellular matrix (ECM) beneath endothelial cells (ECs) [4] . Electrospinning is the ideal technique for producing such micro-/nano-fibrous interconnected network scaffolds of high porosity and large surface area; hence it is an excellent candidate for producing vascular graft scaffolds. Fabrication parameters such as polymer solution and processing conditions can be fine-tuned for particular applications [5] .
In recent years, several prototypes of electrospun prosthetic vascular grafts have been reported [6, 7] for tissue engineering purposes, including ones comprising biodegradable polymers, with variable degradation rates, ranging from weeks to years [8] [9] [10] [11] [12] . However, their mechanical properties are still not ideal. Moreover, biodegradable scaffolds face some important challenges such as the difficulty to predict and match the degradation rate with vascular tissue growth, and possible cytotoxic degradation products [13, 14] . In addition, the stability of the endothelium may be impaired on a biodegradable scaffold. Therefore, there exists a need for permanent scaffolds with appropriate physical and biological properties. Electrospun PET appears to be an excellent candidate for small-diameter grafts in regards to mechanical properties, stability, biocompatibility and low cost, but foremost due to the fact that PET vascular grafts have already been FDAapproved and clinically used for a few decades [15, 16] . Several researchers, including some of us [15, [17] [18] [19] [20] , recently reported studies of electrospun PET mats with controllable characteristics such as fiber diameters, -orientations and mechanical properties, achieved by varying process parameters. However, literature data suggest that achieving good coverage of ECs on such PET scaffolds may be problematic [2] . The reason is the polymer's surface inertness: EC adhesion, growth and resistance to flow-induced shear stress has proven to be limited on PET [17, 21] . This might be overcome by a suitable treatment to increase surface roughness, surface energy, or by grafting bioactive molecules. Candidates for these include dry processes such as irradiation by γ-rays [22] , electron beams [23] , lasers [24] , ultraviolet photons (UV) [25] , and plasma treatment [26] , but also wet-chemical treatments with NaOH [27] , hydrogen peroxide (H2O2) [28] , or graft polymerization [29] . Wet chemistry is the one most frequently encountered in the literature [30] [31] [32] ; for example, NaOH was shown to increase surface roughness, hence cell adhesion andproliferation [33] . However, wet-chemical treatments also tend to entrain problems of toxicity and environmental impact [34] .
A particularly powerful alternative technique, developed among others by members of this team [35] , is the deposition of a plasma-polymerized (PP) coating containing suitable functional groups;
examples are primary amines (-NH2), or carboxylic groups, known to promote cell adhesion and/or to enable immobilization of biomolecules [35, 36] . Thanks to the high density and stability of functional groups they can incorporate, PP coatings are more effective than mere plasmainduced grafting of surface-near groups [36] . Oxygen-containing PP coatings on fibrous PCL substrates were reported to be suitable for in vitro muscle tissue development, especially for cellular alignment and myotube formation [37] . Numerous articles have also demonstrated the particular effectiveness of nitrogen-, particularly of amine-containing PP coatings [36] [37] [38] . For example, N-rich plasma-polymerized ethylene (L-PPE:N) coatings deposited on PET and PTFE films showed that EC adhesion rate, spreading, focal adhesion, and resistance to flow-induced shear were greatly improved, compared with bare and gelatin-coated PET and PTFE [39] . In other words, L-PPE:N appears to be a particularly promising candidate for the endothelialization of vascular grafts [39] .
Therefore, the objective of this study has been to combine optimized nitrogen-rich L-PPE:N coatings with electrospun random nano-fibrous PET scaffolds, and to evaluate these in regards to their composition, morphology, mechanical properties, as well as their ability to favor HUVEC adhesion, growth and resistance to flow-induced shear. Aldrich), and gently stirring for 24 h. Two (2) ml of polymer solution was electrospun at a rate of 0.5 ml/h for 4 hrs with the aid of a syringe pump, in an enclosure with controlled ambient humidity (RH: 8-25%) and temperature (20-25 °C) . The power supply provided a constant voltage of [15] [16] [17] kV between the tip of the grounded spinneret needle (size 22G) and the rotating collector. The latter, a drum rotating at 1.6 m/s (the diameter, 20 cm, and speed differed from those in ref. [15] ), was placed at a distance of 15 cm from the needle tip. The actual nano-fibre mat was collected on an aluminum foil wrapped around the metal drum. Electrospun mats were first dried in ambient air for ca. 3 days, then cut into pieces and carefully peeled from the aluminum foil for subsequent experiments. The pieces of scaffolds were stored in a desiccator until further use.
Experimental Section

Plasma-Polymerization
Here, too, we merely present the essentials, because details have been described earlier [38, 40] . L-PPE:N coatings were deposited on the surface of nano-fibre mats in a low-pressure ("L") capacitively coupled radio-frequency (r.f., 13.56 MHz) glow discharge plasma reactor, using , and minimal solubility in cell-culture media [40, 41] .
As will be shown later, commercial woven PET samples ("wPET", Dacron ® , Medtronic Vascular, Santa Rosa, CA), both bare and L-PPE:N-coated, were also investigated as control materials, mainly in regard to their cell-biological characteristics.
Materials Characterization
Scanning Electron Microscopy (SEM)
Selected samples were examined by field-emission scanning electron-microscopy (FE-SEM) using a JEOL model JSM-7600 TFE instrument (JEOL Ltd., Tokyo, Japan) at a voltage of 0.5 kV and a working distance of 4 mm, at different magnifications. Nano-fiber mat surfaces were sputtercoated under vacuum with a thin layer of gold in a dedicated coater for 20 seconds, and were then mounted on a suitable sample holder using double-sided tape. The diameters of 100 randomlyselected fibers (at least two experiments with triplicate samples of both pristine and L-PPE:Ncoated mats) were examined by SEM; Dacron ® samples were also examined, both coated and uncoated. Micrographs were analyzed using image analysis software (NIH Image software).
Mercury Intrusion Porosimetry (MIP)
Porosity and pore size of nano-fiber mats were determined using an AutoPore IV 9500 instrument (Micromeritics Instrument Corporation, U.S.A.) with a 15-ml penetrometer. The mats were cut into 1.5×3 cm 2 rectangles and weighed. A sample was then placed into the cup of the penetrometer, which was closed by tightening the cap. The penetrometer and sample was transferred into the pressure chamber of the porosimeter for measurement to take place. Working pressures were in the range 0.015-220 MPa. The determination of porosity is based on the relationship between the applied pressure and the pore diameter into which mercury intrudes, according to the Washburn equation [42] :
where PL is the pressure of the liquid, D is the pore diameter, γ is the surface tension of mercury (484 mNm -1 ), and θ is the contact angle, taken to be 140° between mercury and the pore wall at ambient temperature [42] . The measured intrusion was corrected for expansion of the penetrometer. The experiment was performed on four nominally identical samples of both bare and L-PPE:N-coated mats.
Mat Thickness
The mats' thicknesses were measured using a digital gauge (Film Master, Qualitest, designed for film thickness measurements with better than 10 μm resolution). To minimize possible error resulting from compression of the mats during measurements, they were sandwiched between two rigid PET films.
Tensile Testing (Dry and Wet)
Tensile properties of the mats were evaluated using a uniaxial tensile testing machine (Instron, ElectroPuls™ E3000). Samples were prepared by cutting mats into 0.5 cm x 2 cm strips; a given sample was then inserted into the Instron's jaws, the distance between the upper and the lower jaw being set at 1.5 cm. The tensile test was performed using a 250 N load cell, at a speed of 10 mm/min. Young's modulus, yield strength, yield strain, tensile strength and elongation at break were calculated manually using Stress-Strain curves. Samples were tested in the "dry" state (in ambient air) or in the "wet" state. In the latter case, to better mimic physiological conditions in the body, samples were first immersed in phosphate buffered saline (PBS) solution at 37 °C for 24 h, then cleared from excess liquid using tissue paper and immediately tested as described above.
Experiments were repeated three times; at least 12 samples were used in each experiment to test reproducibility.
Surface-Chemical (XPS) Analyses
X-Ray photoelectron spectroscopy (XPS) analyses were performed in a VG ESCALAB 3MkII instrument, using non-monochromatic Mg Kα radiation [38, 40, 41] . The size of the analyzed area was about 1 mm 2 , and the sampling depth was in the 1-5 nm range on account of the fibers' geometries. Spectra were acquired at 0° emission angles (normal to the mat surface), and charging was corrected by referencing all peaks to the carbon (C1s) peak at binding energy, BE = 285.0 eV.
The X-ray source was operated at 15 kV, 20 mA. Quantification of data was performed using Avantage v4.12 software (Thermo Electron Corporation) by integrating the area under a specific peak after a Shirley-type background subtraction, and using sensitivity factors from the Wagner table.
For the case of L-PPE:N-coated mats, the near-surface-concentrations of primary amine groups,
[NH2], were determined using the highly-selective derivatization reaction of 4-(trifluoromethyl)
benzaldehyde (TFBA, 98%, Aldrich) vapor with NH2 groups [43] . To assess possible chemical composition gradients across the thickness of a mat, a 2-layer sample of similar thickness was prepared by electrospinning 1 ml of PET solution for 2 h, followed by overnight drying; then, a second layer was electrospun for 2 h on top of the former, after which the composite sample was coated with L-PPE:N from one side. XPS analyses were performed on the top, bottom and mid-plane locations of this special composite sample by the same procedure as that described above. were rinsed with PBS to remove non-adherent cells, and 500 µL of complete medium was added to each well. The plates were incubated for 1, 7, 14 and 21 days, the culture medium being changed every 2 days.
Biological Testing
Cell Adhesion and Growth
AlamarBlue Assay
Cell adhesion and growth was assessed using AlamarBlue reduction assay (Cedarlane, 30025-1(BT)), during which cell metabolic activity reduces resazurin dye (blue) to resorufin (pink). At days 1, 7, 14 and 21, culture medium was removed and 500 µL of complete medium plus 50 µL of AlamarBlue were added to each well and incubated for 4 h at 37 °C, 5% CO2. After 4 h, 150-µL aliquots were pipetted into 96-well plates (Corning) in triplicate, and the plates were examined at excitation/emission wavelengths of 560/590 nm in a fluorescence plate reader (BioTek, Synergy 4). The experiment was repeated three times to assure reproducibility. To confirm these data, the density and homogeneity of cells on the mats were directly observed after staining cells by crystal violet solution (0.075% w/v in a 3% v/v acetic acid solution) for 15 min, rinsed 3 times with Milli-Q water and air-dried prior to capture by microscopy (not shown here).
Immunofluorescence Analysis ("Live / Dead" Assay)
To estimate cell survival and distribution on or inside the various mats, HUVEC grown for 1, 7
and 21 days were stained by calcein-AM (2 µM) and ethidium homodimer-1 (5. 
Scanning Electron Microscopy (SEM)
To visualize cell morphology on controls and modified scaffolds, some samples with cells grown for 7 and 21 days were fixed at room temperature for 1 hr with 3% glutaraldehyde (diluted in PBS), before rinsing twice with PBS. Thereafter, they were dehydrated in successive ethanol solutions of different concentrations (30, 50, 70, 95 and twice 100%; 10 min each). Samples were air-dried under a hood overnight, then mounted and gold-coated (Coater: Emitech, K550X) for 2 min for SEM (Hitachi, S-3600N).
Cell Resistance to Laminar Shear Stress
To study the HUVECs' resistance to shear when on mats, the following procedure was used:
Samples from the two types of electrospun mats (L-PPE:N coated and uncoated) were cut (10 mm x 22.5 mm), placed in 6-well polystyrene culture plates, sterilized in 2 ml of ethanol (70%, in MilliQ water) for 5 min, and then left to dry under the hood overnight. Next, perforated press-toseal silicone isolators (5 mm x 20 mm x 2.5 mm; Cat. S5560, Sigma-Aldrich, Canada) were placed on the mats to constrain cell seeding. Mats were then seeded with HUVECs (250 μL in complete medium, passage # 3-5, 10 6 cells/mat), which were left to adhere during 48 hrs to obtain a confluent monolayer of cells. Following this, the cell-populated mats were subjected to laminar flow-induced shear stress for one hour in a parallel-flow chamber (Glycotech, C 31-001, Gaithersburg MD, USA). This setup consists of a peristaltic pump to produce laminar flow; a coiled heat exchanger to maintain the medium's temperature; and the actual flow chamber, comprising a stack on the gasket (5 mm x 20 mm x 0.25 mm), assembled as specified by the manufacturer. The pump was run at 6 mL min -1 , to obtain a shear stress of ca. 15 dynes cm -2 (similar to an actual physiological value [44, 45] ) in the flow chamber, and maintained for 1 hr. Since cell detachment generally occurs during the first 30-45 min, the 1 hr duration was felt to suffice in order to assess the cells' adhesion strength [39, 46] . The numbers of cells retained on the mats after shear stress tests were compared with those on similar surfaces that had not been tested, by measuring the cells' metabolic activity by AlamarBlue assay (Cedarlane, 30025-1(BT)). The morphology and distribution of the cells was also inspected by SEM (Hitachi, S-3600N) after sample preparation, as described above.
Statistical Analysis
All data are expressed as means ± SD. Statistical analysis was carried out using ANOVA with Bonferroni-Holm's post hoc analysis, or by independent t-test when comparing 2 groups only (pristine vs L-PPE:N-coated). Values of p lower than 0.05 were considered significant for all tests. the randomly interconnected web structure of the electrospun PET nano-fibers, which display smooth surfaces devoid of "beads" (spherical defects). This confirms favorable processing conditions. Nano-fiber diameters could readily be obtained from micrographs like Figure 1 , and values were found to be in the range from 200 to 800 nm, see Figure 2 . Mean values of 551  91 nm and 567  111 nm were found for untreated and plasma-coated mats, respectively, with a mean increase of only 16 nm (n = 200, p = 0.2868). This is much less than the nominal ~100 nm deposit thickness expected, based on values measured on flat surfaces. While the large variability in fiber diameters (see Figure 2 ) may obscure variations due to coating, several other factors explain why electrospun mats have thinner coatings than flat substrates. First, the high porosity of the mat greatly increases the surface area to be coated and, second, fibers deep within the mats are less readily accessible to the plasma's active precursor species. The results of mat thickness measurements show significant variation from the center to the edges (50-90 µm). Therefore, samples for later experiments, for example tensile tests, SEM, biological tests, and others, were taken exclusively from the central portions.
Mercury Intrusion Porosimetry (MIP)
Mercury intrusion porosimetry results are shown in Figure 3 and Table 1 . Properties such as porosity, pore dimension and volume directly influence successful use of a given scaffold. The overall porosity of the present mats, 87%, is highly desirable for the intended application, vascular grafts, by readily permitting the transport of nutrients, metabolic wastes and gases [46] . Moreover, as seen later in this text, the pore size is low enough to avoid EC intrusion into the scaffold. As expected, the porosity did not change significantly after plasma coating, also in agreement with SEM analysis (Figure 1) . On the other hand, the total intrusion volume and average pore diameter (4V/A) tend to be slightly decreased after plasma-coating (Table 1) , although the number of samples investigated was too small for statistical analysis. 
Mechanical Properties
The tensile properties of pristine (bare) and plasma-coated mats were measured in the length direction of the 0.5 cm x 2 cm sample strips. Knowledge of stress-strain behavior of nano-fiber mats facilitates understanding their performance under dynamic stress encountered in use. Tensile properties under dry and wet conditions are summarized in Table 2 , while Figure 4 shows a typical stress-strain plot; bare and L-PPE:N-coated mats led to nearly indistinguishable curves. The PET mats were seen to exhibit elastic (linear) behavior up to about 1 MPa, followed by further deformation and rupture at about 250% of elongation. In the presence of the L-PPE:N coating, the ultimate tensile stress was found to be slightly increased while maximal strain was reduced (p < 0.05). Young's moduli of the coated mats were also somewhat higher (34 ± 7 vs 20 ± 6 Mpa; p < 0.05), confirming that coated electrospun mats are slightly stiffer, indicative of an eventual graft's overall mildly reduced compliance. This may be due to the fact that L-PPE:N tends to "glue" nanofibers together, thereby impeding their ready displacement under applied load. No statistical differences were found between dry and wet mats, both bare and coated.
The Young's moduli of ePET mats, bare or L-PPE:N-coated, are still above those of natural arteries (see Table 2 ) but they can be advantageous in comparison to ePTFE and woven structures of highly oriented PET; furthermore, the characteristics can be adjusted by chemical means [27] , or by plasma etching (to be published), if required. Tensile strength is similar to published values for various arteries and veins, indicating that the burst pressure would also be in the same range.
Elongation at break was found to be greater than that of arteries in all cases, but not believed to be problematic. However, while uni-axial tensile tests allow one to estimate elastic properties of the fabricated scaffolds, they do not directly provide their compliance (a multi-axial property).
Therefore, further tests would be desirable, in particular ones designed to assess compliance and fatigue resistance of tubular multilayered grafts; this is the subject of future work. 
Chemical Properties of Bare and L-PPE:N-Coated Mat Samples
Chemical Composition and Its Depth-Dependence
Using the special L-PPE:N-coated 2-layer mat sample described earlier, XPS measurements were during its exposure to the plasma. This reveals beyond doubt that active species from the plasma penetrated through the mat's porous structure. reaction products, as revealed by earlier research in these laboratories [40, 41] . Despite this small decrease, [NH2] remained at a relatively high value (above 4 %) compared to other functionalization techniques, for example by plasma modification [50, 51] . This is of key importance, because [NH2] plays an essential role in promoting cell-adhesion. 
Ageing under Wet Conditions
Cell Adhesion, Viability and Proliferation on Bare and L-PPE:N-Coated
Mat Substrates
HUVEC response to the electrospun mat scaffolds (ePET), to woven PET (Dacron ® , "wPET"), and to PCP (as positive control) was investigated by measuring the ability of cells to adhere and proliferate on the various materials, both bare and L-PPE:N-coated, see Figure 6 . Adhesion after 24h (day 1) on the bare mat (ePET) was significantly less than on PCP. ePET-LPPE:N significantly increased adhesion (p < 0.05), to the point of being the same as on PCP. In other words, plasma-coating of the electrospun mat resulted in a much greater population density of adhering cells. This was presumably due the much enhanced surface activity of L-PPE:N resulting from its primary amine groups, also evidenced by previously published research from these and other laboratories [37, 39, 41, 52] .
HUVEC growth at days 4, 7, 14 and 21 was also found to be significantly (p < 0.05) higher on the plasma-coated mat than on the bare one (compare data "ePET" and "ePET-LPPE:N"). In actual fact, AlamarBlue reduction induced by cells on a bare mat was observed to even decrease between days 1 and 7, but it then rose on days 14 and 21; Ma et al. [53] reported similar behavior for human coronary artery endothelial cells on electrospun PET nano-fibrous mats with and without gelatin- Together, these results therefore tend to confirm our hypothesis that electrospun nanofiber scaffolds can provide a structure akin to the base-membrane of natural arteries [7, 49, 54] .
However, while cell adhesion, viability and proliferation allow one to estimate the biocompatibility and non-cytotoxicity of the fabricated scaffold, more detailed studies would be desirable to evaluate its efficacy as a graft material.
Cell Resistance to Laminar Shear Stress
HUVEC retention on bare and L-PPE:N-coated ePET mats was investigated using the parallelflow chamber with a typical physiological shear stress value of 15 dynes cm -2 , for 1 hr. Figure 9 shows AlamarBlue results after 48 hrs of adhesion and growth, subjected or not to shear. Cell retention was found to be promising for L-PPE:N-coated mats, with approximately 70 ± 4% and 30 ± 10% of the cells remaining on coated and bare mats, respectively (p < 0.05). Once again, in this experiment L-PPE:N coating was also found to have increased the initial adhesion and 48 hrs growth of cells under static conditions. However, the difference with bare ePET was less marked, probably due to the fact that large numbers of cells were seeded, 10 6 cells per mat. It has been reported [55] that the influence of the substrate on cell adhesion can be reduced when cell density is very high, possibly due to cell-cell interactions that may dominate over those with the substrate.
After exposure to shear, cell densities were significantly greater on ePET-LPPE:N than on bare (ePET) samples (p < 0.05), as also confirmed by SEM observation (Figure 10 ). This agrees with earlier-published results from these laboratories [39, 56] , which showed strong adhesion and retention of endothelial cells on L-PPE:N coated flat substrates. 
General Discussion and Conclusion
The primary requirements for a synthetic functional vascular graft (VG) are biocompatibility, bioactivity, and favorable mechanical properties [13] . The current generation of VGs is mainly limited by inadequate mechanical properties that lead to mismatch and intimal hyperplasia, and by lacking spontaneous endothelialization of the lumen surface. Pre-endothelialization of the lumen has shown promise as a strategy to improve small-diameter VGs, but it is still handicapped by poor adhesion and retention of endothelial cells (ECs) [57, 58] .
In the present study two well-documented techniques, electrospinning and plasma polymerization (PP) of an amine-rich coating, were combined to address the issues mentioned above, that is, to create an effective scaffold for subsequent EC-seeding. Electrospun 3D PET mats (ePET) with random fiber orientation were prepared, PET being chosen because it is stable, cost-effective and cytocompatible, with tunable properties and because several PET-based vascular implants have already received FDA-approval [59] . Electrospun PET exhibits relatively low stiffness and favorable strength that can be of interest for VG applications, its tensile properties being comparable to those of natural arteries [15, 27, 33, 60] .
Although further investigation is warranted, present results reveal no deleterious effect of L-PPE:N coating on the properties of ePET mats, thanks to the mild plasma conditions employed (low power, 10 W; pressure, 600 mTorr; and temperature, ~300 K).
The morphology of our electrospun PET 3D nanofibre network proved suitable for forming a nearconfluent endothelial cell (EC) monolayer lining, see Figure 8b and 10. Indeed, the fabrication conditions yielded high porosity and small pore size (Figure 1 ) that enable exchange of nutrients and gas molecules, while restricting EC growth to the topmost (eventual lumen) surface [61] . This is greatly advantageous compared with presently used ePTFE and woven PET grafts, where cells penetrate and do not readily form such a complete EC monolayer (see Figure 7 and 8d).
Cell adhesion, -growth and -retention under flow-induced shear stress were shown to be limited on bare ePET mats, but L-PPE:N coating helped overcome this limitation to a large extent. Earlier work in these laboratories had already proven L-PPE:N to be highly effective, reproducible and sufficiently stable over time for cell culture applications [40, 62, 63] . Here, the greatly-enhanced cell density on L-PPE:N-coated scaffolds compared with bare samples (see Figure 6 ) confirmed the coating as an excellent pre-treatment for the requisite HUVEC response; this was not surprising in view of similar observations we reported for HUVEC, but also for vascular smooth muscle cells (VSMCs), fibroblasts and mesenchymal stem cells (MSC) [39, [63] [64] [65] . It also agrees with other groups' findings that functionalized PP coatings can enhance cell adhesion, growth and proliferation on diverse electrospun substrates [36, 66] . PP with appropriate chemical There have recently been several reported efforts to create TEVGs based on electrospining, for example bilayered scaffolds or hybrid scaffolds made by combining natural and synthetic polymer mats. Let us mention bilayered scaffolds of PCL-collagen blend [68] , elastin, type I collagen and poly (D,L-lactide-co-glycolide) (PLGA) [69] , multi-layered type I collagen, gelatin, segmented polyurethane and poly(ethylene oxide) [70] , and collagen/ chitosan/thermoplastic polyurethane nanofibrous scaffolds [71] . Although collagen is known to increase cell adhesion, its possible immunogenic effects, rapid degradation, and cost of synthetic collagen constitute important challenges [72] . L-PPE:N can be deposited on any type of surface and could be used with other electrospun material, resorbable or not. As a logical future step, the combination presented here (electrospinning + PP) will be used to add a more porous electrospun outer layer, either of PET or of a biodegradable polymer, to favor growth of a thick VSMC layer and obtain a complete scaffold for TEVG.
In conclusion, the combination of electrospinning and primary-amine rich plasma polymer coating proposed in this research can provide an adequate scaffold for the luminal side of small-diameter vascular prostheses; more precisely, it enables finely-controlled structural, mechanical and surface properties that are required for confluent, flow-stable pre-endothelialization of VGs or TEVG.
These improvements may help overcome the clinical complications encountered when using current generations of off-the-shelf VG prostheses.
